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Fig.1.2 Effect of iron vapor from molten electrodes on argon arc plasma.

















































































































































Fig. 1.3 Flowchart of this study.
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11mで先端角を 90°とし,ワイヤ突出し長は20.O Irm,アーク長は 5.O llllllnとした。したがつ
て,コンタクトチップ 母ー材間距離は25.O Illlmとなる。また,母材については板厚 10.O IIlln,
… 11-
直径 50.O lllunの軟鋼とした。シール ドガスはアルゴンとし,ガス流量は20.02/minで計算




































































































;:)(号:争)+:)(寺券)+ルギ′十ノzEz―び          (2.4)
電流保存式
;」;「(電r)+i:;むz)=0                                                  (2.5)






ら一挙,ら一影             20
-方,自己電流によつて誘起される磁場はマクスウェルの方程式,
;:)(rBθ)=μOノz                                                      (2.8)
…13-
によつて定義 される。ここで,約は真空の透磁率である。
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が想定される。しかしながら,鉄の仕事関数 4.60 eVと比較し,酸化鉄の仕事関数 3.85 eV
は低い値となつているため,酸化鉄から優先的に電子が放出される59。 そこで,本モデル
では,アー ク放電中に陰極から放出される電子は,すべて仕事関数の低い酸化鉄から放出
Table 2.1Properties of welding wire and base metal.
Density (g/m3) 7.85X106
丁hermal conductivity(VV/mノK) 30 ～ 73
Electrical conductivity (A/V/m) 8.00X105 ～ 1.ooX1 07
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Fig.3.2 Silnulation result ofdistribution of
clcct五cal conductivity in GMA welding.
Fig. 3.3 Simulation result of distribution of

























































(i)Wire and weld pool
(ii) Non vapor
(iii) Wire only
Fig. 3.4 Simulation results of distribution of iron vapor concentration and temperature in GMA
































































(i) Radiation of argon with iron
(ii) Radiation of argon
Fig. 3.5 Simulation results of distribution of iron vapor concentration and temperature in GMA























(i) Radiation of argon with iron (ii) Radiation of argon
Fig.3.6 Simulation results ofdistribution ofradiation powcr density in GMA welding with cach















































Fig.4.l Photograph of argon GMAplasma.
Monochromater
Fe 537nm
Fig.4.2 Schematic diagram of experimental setup.
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Fig.4.3 Schcmatic diagram ofrnonochromator



































Fig.4.4 Cllrrent wavefom in pulsed GNIA welding.






















































































































Fig. 4.7 Schematic illustration of Abel fransforms.
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を必要としない。この式を用いて二種類の鉄原子スペク トル(Fe I:537111n,Fc I:538崎に
ついての関係をNISTのデータベース73pょり各種物性値を代入することにより,スペクトル
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Fig.4.1l Tempcrature distributions and intcnsity distributions ofAr I(696 nm)and that ofFe I(538








Fig.4.12 Temperature distributions and mtcnsity distributions ofAr I(696 Ⅲlつand that ofFe I(538









Fig.4.13 Temperaturc distributions and intcnsity distributions ofAr I(696Ⅲ⇒a d tha  OfFe I(538
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Fig。4.16 Relationship between ron concentration and electron densiじ
温度は6,933Kであるため,鉄蒸気濃度はH.7%,密度は6.37×1022m‐3でぁることが判明し








































Fig. 4.17 Temperature distributions, distributions of iron vapor concentration and intensity












Fig. 4.18 Temperature distributions, distributions of iron vapor concentration and intensity













Fig. 4.19 Temperature distributions, distributions of iron vapor concentration and intensity
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Fig.4.22 Time variation of distributions of iron vapor concentration and temperature in GMA
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Fig.4.23 Time vaHation ofdist五bu s oftton vapor conccntration and tcmperature in GⅣlA
wclding with spray transfen
4.6.3 直流パルス溶接
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Fig.4.25 Dependence of iron vapor concentration on diameter of droplet at the wire tip in MIG
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Fig.4.26 Dependence oftemperaturc ofarc plasma on diameter ofdroplet atthe wirc tip in NIIIG
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Fig.4.26 Compa五son ofsiinulation and cxpedmental result with welding cllrrent of450 A.
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Simulation rcsults ofradial distribution ofheat input mto thc basc mctal.
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Voltage for arc column = 18.7 V
Voltage for cathode fall = 12"8 V
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耐min,アーク電圧 20.3V,溶接速度45 cttminとするこ で,溶接電流209Aとなった .
結果を比較すると,溶融金属の断面積が数値計算シミュレーション結果および実験結果で
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+rη亀争)+κ        (6.3)
エネルギー 保存式
等+;3(物bl・β他の=












Fig. 6.1 Flowchart of calculation for the model with constant voltage power source.
Temporary welding current
′





























































Fig. 6.2 Simulation result of time variation of arc length in high-current GMAwelding.
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Fig. 6.8 Simulation result of time variation of heat input into the base metal in low-current GMA
welding.
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Fig. 6.10 Simulation results of temperature distribution of the weld pool in low-current GMA
welding.
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り,アー クプラズマの状態が安定した時間をO Irlsとする.このO msにおいてワイヤ送給速
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Fig. 6.13 Simulation result of time dependence of arc length in GMAwelding inueasing setting
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Fig.6。15 Simulation result oftime dependence ofwlre feed rate and wlre melting Fate in GMA
welding incre郎聰 settmg voltage.
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(iii) 250 ms
Fig. 6.17 Simulation results of distribution of iron vapor concentration and temperature in GMA




























再度安定した(iii)250 msの場合,(ii)O msの場合と比べ溶接電流が大きいため,アー クプラ
ズマの温度が高くなり,鉄蒸気濃度も高くなつている.
-87-




























Fig. 5. l8 Simulation result of time dependence of arc length in GMA welding increasing wire feed
rate.
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Fig. 6.20 Simulation result of time dependence of wire feed rate and wire melting rate in GMA
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Fig.6.22 Simulation results of distribution of iron vapor concentration and temperature in GMA
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Fig.6.23 Experimental result of time dependence ofwelding current and arc voltage in GMA
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Fig。6.24 Experimentalresult oftime dependence ofwelding curent and arc voltage in GMA
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